OVERVIEW

1
As of 2011, nearly 80% of working Americans drove to work (1) . This is a nearly 20% increase 2 in the past 50 years. Although driving provides a convenient way of commuting to work, it also 3 causes congestion, increases traffic risks to other roadway users, and damages the environment, 4 air quality, and health. By improving the safety and convenience of walking and bicycling to 5 public transit, the Safe Routes to Transit (SR2T) Program aims to encourage commuters to 6 actively commute to transit. In doing so, SR2T intends to increase the number of, and enhance 7 traffic safety for bicyclists and pedestrians accessing regional transit stations in the Bay Area, 8 improve air quality, and decrease congestion. 9
SR2T was initiated in 2004 with the adoption of the Regional Measure 2 (RM2) which 10 established a $1 increase in Bay Area bridge tolls. The goal of this funding mechanism was to 11 support transportation projects to reduce congestion along the seven state-owned toll bridge 12 corridors. RM2 awarded the SR2T Program $20 million to focus on enhancements to facilitate 13 walking and bicycling to regional transit stations. 14 This paper reports the findings from an evaluation of the effectiveness of the SR2T 15
Program. Of particular concern is the ability of these capital and planning projects to shift travel 16 from single-occupant vehicles to non-motorized modes for the transit access trip and to increase 17 the safety of pedestrians and bicyclists. 18 19
THE BUILT ENVIRONMENT, ACTIVE COMMUTING, AND HEALTH: A REVIEW 20 OF THE LITERATURE 21
The Safe Routes to Transit (SR2T) program capitalizes on the potential of public transit to help 22 communities directly address congestion and pollution, and indirectly address issues of chronic 23 disease, obesity, stress, and traffic safety. By improving the infrastructure along street segments 24 and at intersections around transit stations, SR2T aims to promote active and safe commuting to 25 public transit, reduce stress, and decrease carbon emissions.
26
Studies have recommended active transportation as a way to increase daily physical 27 activity and slow or reverse the growth of the obesity epidemic, as nearly 36% of the adult 28 population in the U.S. was considered obese in 2012 (2). Besser and Dannenberg suggested that 29 by promoting public transit and active commuting to public transit, a greater proportion of 30
Americans could reduce traffic congestion and their carbon footprint, as well as meet the CDC's 31 physical activity requirements (3). Hamer and Chida's study on the association between 32 commuting, physical activity, and cardiovascular risk supports this claim (4) . Their research 33
found that a combination of walking and bicycling to work led to an overall 11% reduction in 34 cardiovascular risk.
35
Researchers and health professionals studying the connection between the built 36 environment and health have found that the design of the built environment influences whether 37 and how often people walk and bicycle (5) . In their meta-analysis of transportation research, 38
Koren and Butler found that the built environment powerfully influences the ability and desire to 39 choose to walk or bicycle (6). Multiple studies have found that environments unattractive for 40 walking and bicycling, e.g., with dispersed land uses, low levels of connectivity, and a lack of 41 good sidewalks or bicycle facilities, are associated with higher levels of driving and lower levels 42 of walking and bicycling (7, 8, 9, 10 This section provides information on each of the project sites for which pre-and post-data were 6 gathered. 
Survey Instruments and Protocol 1
Postcard surveys were used to capture basic information about the respondent's journey from 2 home to the transit station (e.g., home location, all intermediate stop location(s), travel time by 3 mode, out-of-pocket costs), and were designed to be completed in one minute by respondents. 4
These survey forms were offered to as many people as possible while they waited for trains on 5 the platform. 6
Intercept surveys included the same questions as the postcard surveys, as well as 7 additional information about the respondents' perceptions of pedestrian and bicycle safety, air 8 quality, and awareness of changes to the roadway environment in the area around the station. 9
This form was designed for data collectors to record answers from respondents, and was 10 intended to be completed in three to five minutes. If two or more people were traveling in a 11 group, only one person from the group was surveyed. 12
The combination of postcard and intercept surveys was used to maximize sample size.
13
The postcards provided a large sample size with demographic and basic trip information that 14 could be supplemented with the more detailed information from the intercept surveys to 15 generalize about the larger population of transit users. 16 17
Data Collection 18
Baseline data postcard and intercept surveys were collected in the fall of 2011 and follow-up 19 surveys in the fall of 2012 and 2013. In addition to the surveys, intersection observations were 20 conducted in station areas to record driver, pedestrian, and bicyclist travel behavior at each site.
21
Surveying was conducted with permission from BART on fair-weather weekdays 22 (Tuesday, Wednesday, or Thursday) between 6 and 11 a.m., in English, Spanish and Mandarin.
23
Data collectors aimed to collect a minimum of 150 postcard surveys and 60 intercept surveys at 24 each station.
26
Statistical Methodology 27
The study design was a before-after analysis using treatment and control sites. This study design 28 conforms as closely as possible to a "natural experiment" in which the treatment site receives an 29 intervention and the control site does not, thereby allowing the researcher to investigate causality 30 between the intervention and the variable of interest. Such a study design allows for the best 31 possible understanding of how the SR2T capital projects affect travel behavior and safety. 32
To determine the statistical significance of the effects of treatments, the research team 33 used a "difference in difference" methodology. Difference in difference measures the "effect of 34 the treatment on the treated" (20) by calculating the mean values for each group and determining 35 whether the treated group followed a different trajectory than the untreated group in the post-36 treatment period. A significant result implies that the change in the examined behavior at the 37 treatment sites was significantly different than the change in the examined behavior at the control 38 sites. All statistical tests were performed using Stata 12. Aside from pre-versus post-treatment 39 periods, some results were also analyzed by whether stations were in urban or suburban areas. The data indicate that bicycling increased between 3.1% and 3.8% at both treatment and 1 control sites, when measured either by mode or main mode, with all changes being statistically 2 significant (p ≤ 0.05). The changes in bicycle mode share at both treatment and control sites 3 were similar in magnitude, so the difference-in-difference metric is insignificant. However, it is 4 important to note that Fremont, one of the two control stations, also underwent bicycle facility 5 improvements during the study period, although they were separate from and not funded by Safe 6
Routes to Transit. The other control station, Rockridge, is in an urban neighborhood with 7 relatively good bicycling infrastructure. In this context, it is more reliable to consider differences 8 between the pre-to post-time periods, rather than difference-in-difference. Bicycling was the 9 mode with the greatest gains between the pre-and post-periods in both mode share and main 10 mode share, with the increases slightly higher at treatment sites.
11
Increases in alternative transportation modes were matched by decreases in driving, both 12 as a mode and main mode at treatment and control sites. Furthermore, decreases in driving were 13 more substantial at treatment sites, to the extent that driving to treatment sites decreased 2.5% as 14 a mode share and 1.7% as a main mode share when measured as difference-in-difference. It is 15 notable that these changes were observed over a time period during which the economy in the 16
Bay Area was generally improving, which could be expected to encourage automobile use. The 17 reductions in driving and the greater magnitude of that reduction at treatment sites are in line 18
with the mode shift and air quality goals of the Safe Routes to Transit program.
20
The Influence of Respondent Characteristics on Mode Choice 21
In order to understand the challenges and opportunities to shifting access trips towards walking 22 and bicycling among transit riders, main mode shares were examined by a variety of 23 demographic and household characteristics (see Table 2 ). These data are combined across all 24 sites and both time periods. The data indicate that men were slightly more likely to walk, 25 although this difference was not statistically significant (p=0.279). The greatest difference by 26 gender was in bike mode share, with bicycling having a 7.2% main mode share for men and 27 2.4% for women. This difference was highly statistically significant (p<0.0001). However, both 28 women and men saw substantial increases in bicycle main mode share, with women's bicycle 29 main mode increasing from 1.6% to 3.1% (p=0.111) and men's bicycle main mode share 30 increasing from 4.8% to 9.1% (p=0.007). 31
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Original paper submittal -not revised by author. When examined by age group, the main mode share data indicates that walking is the 6 main mode for at least 25% of the population except for the highest age group (age 65+). 7
Bicycling follows trends similar to walking, in that younger patrons are more likely to use it as a 8 mode. Interestingly, bicycling does not drop off substantially until the 55+ age groups. This 9
suggests that the segments of the population that could take advantage of bicycling 10 improvements are broader than might be expected, with bicycling still having a relatively high 11 main mode share of 5%, even in the age group of 45-54 among respondents. Meanwhile, driving 12 does not reach a majority of main mode share until it reaches the age group of 45-54. 13
Unsurprisingly, there was a much higher rate of driving and the lowest likelihood of using any 14 non-motorized or alternative mode among those aged 65+.
15
Household size also seemed to influence mode choice. Households with one adult were 16 the most likely to report a main mode of walking, and households with either 1 or 4+ adults were 17 the most likely to report bicycling as a main mode. This is likely due to correlations with age, 18 since these types of households are the most likely to be young, non-family households.
19
Meanwhile, a greater number of children in a household was correlated with lower rates of 20 walking as a main mode and increased rates of driving as a main mode. This suggests that 21 having dependent children makes driving more attractive, while non-family households are more 22 pedestrian and bicycle safety improvements do encourage walking and bicycling, these 10 demographics suggest that broader strategies around auto ownership are necessary to widely 11 affect mode shift to more sustainable modes.
12
The gender and age demographics of respondents in the pre-and post-periods were 13 examined to test for possible sampling bias. Chi-squared tests of respondents' gender across 14 time periods showed that differences in gender composition of the sample were not significant 15 overall (p=0.152). Gender differences between the two time periods were also not significant 16 within the treatment (p=0.445) and control groups or among urban and suburban stations. The 17 age groups of respondents across time periods differed significantly at the 5% level, both overall 18 and within treatment sites (p=0.042 and p=0.047, respectively), but the magnitude of these 19 differences was small, with the greatest difference in the share of any age group between the pre-20 and post-periods being less than 5%. Thus, while the differences were significant, they were not 21 large in magnitude, and are unlikely to have biased results substantially. Furthermore, one might 22 expect to have seen some of the observed shifts because of improvements around stations leading 23 to increased walking and bicycling. At treatment sites and overall, the shares of those under age 24 35 increased, which could be partially attributed to increases in the number of bicyclists, who are 25 disproportionately younger. 26 27
Perceptions of Traffic Risk 28
This project also measured changes in perceived traffic risk around the stations. Perceived 29 traffic risk was measured on a 5-point Likert scale, with higher scores indicating a greater level 30 of concern while walking, bicycling, or driving to the station. Figure 4 shows improvements in 31 perceptions of traffic risk for all three modes when measured as difference-in-difference. In this 32 case, pedestrians reported the least improvement in risk perceptions among the modes, with 33 improvements being small and not statistically significant. Improvements in bicycling 34 perceptions of safety were the strongest, with levels of concern decreasing 0.8 Likert scale points 35 overall and 1.2 Likert scale points at urban stations when measured as difference-in-difference.
36
The changes in bicycling perceptions were significant at the 10% level (p=0.059) when measured 37 as difference-in-difference overall, as well as difference-in-difference at suburban sites 38 (p=0.083). Seeing improvements in perceptions of traffic risk is a promising finding, as these 39 perceptions factor into mode choice. These perceptual changes (based on actual on-the-ground 40 improvements funded by the Safe Routes to Transit program) support mode shift to walking and 41 bicycling. 42
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Original paper submittal -not revised by author. Interestingly, Figure 4 shows that traffic risk perceptions while driving to the station also 6 improved significantly at the 10% level when measured as difference-in-difference at urban sites 7 (p=0.078). This finding is consistent with research showing that drivers welcome pedestrian and 8 bicycle improvements and the increased predictability they bring, particularly in urban areas 9
where there are more likely to be multiple types of road users in constrained space (21,12).
10
When perceptions of traffic risk were analyzed by geography and gender, the data 11 revealed notable differences. In general, women were more concerned about safety while 12 walking to the station. Interestingly, women's safety concerns while bicycling to stations 13 decreased significantly from the pre-to post-time periods, while men's increased. 14 It should be noted that, while respondents in urban areas expressed traffic safety concerns 15 about bicycling, this did not necessarily mean they then chose not to bicycle. Bicycle main mode 16 share was 16% among urban respondents who expressed safety concerns about bicycling 17 (defined here as a Likert score of 4 or 5). Similarly for walking, 44% of those who expressed 18 concerns about safety while walking to the station still chose walking as their main mode. This 19 is in contrast to what is observed in suburban areas, where only 29% of those expressing 20 concerns about walking choose it as a primary mode. Being concerned about safety for any of 21 the three modes is linked to higher rates of driving at the suburban stations. 22
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Perceptions of Air Pollution 1
Perceptions of pollution were measured on a 5-point Likert scale, with higher scores 2 indicating a greater level of concern while traveling to the station. Perceptions may not correlate 3 perfectly with actual air quality around stations, but still offer insights into how it may affect 4 willingness to walk or bicycle. When measured as difference-in-difference, perceptions of air 5 pollution improved relatively substantially for all travel modes at treatment stations. These 6 changes were significant at the 10% level overall for bicycling and at urban stations for driving. 7
The decrease in concern about air pollution while walking was also statistically significant at the 8 10% level (p=0.081), and the decrease in concern while bicycling was both highly significant 9 and substantial in magnitude (change of -0.7, p=0.014). These improvements in perceptions of 10 air pollution are promising, especially given that in general the public seems to be increasingly 11 concerned and aware about the health and environmental impacts of air pollution. Economic Implications 28
The primary goals of the SR2T program focus on safety, health, and sustainability effects from 29 mode shift and improved air quality. However, the data suggest that there are also economic 30 benefits from encouraging walking and bicycling. 
4
Mode shares sum horizontally to 100% with category "other" not presented here.
5
"Non-motorized modes" include walk and bike. "Alternative modes" include walk, bike, bus, and other.
7
Those whose main mode was driving were slightly over-represented among those who 8 made no stops, and under-represented among those who made any stop at all. Drivers were 9 particularly under-represented regarding stopping for food and drink (33.3% compared with their 10 overall mode share of 46.0%). The only type of stop for which drivers were over-represented 11 was childcare, with 68.4% of those who stopped for childcare stating a main mode of driving. 12 This is consistent with patterns seen in the demographics section of this report with respect to 13 main mode choice of households with children. By contrast, those with a main mode of walking 14 were much more likely to make stops on the way to transit. They were over-represented both in 15 making any stop at all (37.1% compared with an overall mode share of 30.3%), and among those 16 who stopped for food and drink (42.1%), which is a type of stop with direct neighborhood 17 economic benefit. Interestingly, while respondents with a main mode of bicycling were slightly 18 under-represented within the group of those who made any stop at all, they are over-represented 19 among those who stopped for food and drink (6.3% compared with overall mode share of 4.9%).
20
In general, all users of sustainable access modes (walk, bicycle, and bus) were more likely than 21 drivers to generate local economic activity through stops for food and drink on the way to transit 22 stations. 23 24
LIMITATIONS OF THE DATA 25
The findings discussed in this paper are subject to three main limitations. First, the scope of the 26 project required the participation of many student data collectors over a 2-1/2 year period. While 27 there was consistency in the training team and protocol, the large cadre of intercept surveyors 28 could have resulted in subtly different samples across stations and time periods. Additionally, 29
given the relatively low mode share of bicycling, the analyses of bicycling in this study need to 30 be viewed in light of the relatively small sample of bicyclists. Finally, the Safe Routes to Transit 31 program took place at the same time as the implementation of other streetscape and roadway 32 improvements unrelated to the SR2T program, as well as within the context of a national and 33 statewide conversation about the importance of active transport and larger trends of increased 34 bicycling. For these reasons, it is impossible to give complete credit to SR2T for changes 35 observed. 36 37
THE SUM OF THE PARTS: CONCLUSIONS AND RECOMMENDATIONS 38
The data suggest that the streetscape and roadway improvements made through the Safe Routes 39 to Transit (SR2T) program positively influenced the propensity to walk, bicycle, and take the bus 40 to transit stations. This study occurred in the context of other regional efforts to encourage 41
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active transport as well as general societal trends toward reduced driving and increased 1 bicycling, and does not claim that the SR2T program is responsible for all of the observed 2 changes. Nonetheless, the fact that the treatment sites routinely showed shifts toward walking, 3 bicycling, and bus use, as well as improvements in the perceptions of safety and air pollution, 4
suggests that the SR2T program did, on its own, contribute to the shifts observed. 5 6
In particular, the data indicate the following: 7
• Walking and bicycling, whether as the sole access mode to transit or as part of a multi-8 modal trip to access the various stations, generally increased from the pre-to the post-9 period at the treatment sites. 10
• Perceived traffic risk decreased significantly among cyclists and drivers. Research 11
suggests that decreased perceptions of traffic risk may encourage bicycling, and that a 12 change in drivers' perceptions may result from realized benefits of enhanced pedestrian 13 and bicycle infrastructure. 14 • Perceived air pollution decreased among all groups at the sites, a finding that may both 15 result from and contribute to increased walking and bicycling.
16
• Bicyclists and pedestrians were over-represented among those who stopped for food or 17 drink on the way to the transit station, whereas those driving to the stations were much 18 less likely to stop for anything but childcare along the way. Improvements that enhance 19 walkability and bikability may therefore result in secondary economic benefits to the 20 surrounding areas.
22
The data also indicate that future research would help clarify how these types of 23 improvements affect mode shift to bicycling and perception of safety among current and 24 potential cyclists. Additionally, future research is needed to better understand the factors leading 25 to significant increase in bus usage observed and how walking and bicycling interact with such 26 factors.
27
In terms of expectations from programs like SR2T, this program funded improvements to 28 support walking and bicycling to transit in an effort to improve air quality, increase active 29 transportation, decrease congestion, and improve safety. This program seeks to reverse decades-30 long, automobile-dominant commute and travel trends. It is through this lens that results from 31 this analysis should be interpreted. 
